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Abstract
Vanadium dioxide (VO2) shows metal–insulator phase transition at nearly 68 °C. This metal–
insulator transition (MIT) in VO2 leads to a significant change in near-infrared transmittance and
an abrupt change in the resistivity of VO2. Due to these characteristics, VO2 plays an important
role on optic and electronic devices, such as thermochromic windows, meta-materials with
tunable frequency, uncooled bolometers and switching devices. In this work, VO2 thin films
were fabricated by reactive direct current magnetron sputtering in O2/Ar atmosphere on sapphire
substrates without any further post annealing processes. The effect of sputtering parameters on
optical characteristics and structural properties of grown thin films was investigated by SEM,
XRD, Raman and UV/VIS spectrophotometer measurements. Patterning process of VO2 thin
films was realized by e-beam lithography technique to monitor the temperature dependent
electrical characterization. Electrical properties of VO2 samples were characterized using
microprobe station in a vacuum system. MIT with hysteresis behavior was observed for the
unpatterned square samples at around 68 °C. By four orders of magnitude of resistivity change
was measured for the deposited VO2 thin films at transition temperature. After e-beam
lithography process, substantial results in patterned VO2 thin films were observed. In this stage,
for patterned VO2 thin films as stripes, the change in resistivity of VO2 was reduced by a factor
of 10. As a consequence of electrical resistivity measurements, MIT temperature was shifted
from 68 °C to 50 °C. The influence of e-beam process on the properties of VO2 thin films and the
mechanism of the effects are discussed. The presented results contribute to the achievement of
VO2 based thermochromic windows and bolometer applications.
Keywords: vanadium dioxide, metal insulator transition, e-beam lithography, magnetron
sputtering
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1. Introduction
Transition metal oxides have been investigated widely due to
their peculiar electrical and optical properties. Vanadium
dioxide (VO2) indicates a reversible metal insulator transition
(MIT) at ∼68 °C [1, 2]. It has been reported that MIT beha-
vior of VO2 strongly varied in wide range with crystal quality,
grain size, grain boundaries and defects related to self-doping
and the other factors [3, 4]. While VO2 has monoclinic crystal
structure with insulator phase at below the MIT temperature
(TMIT), the material has tetragonal rutile crystal structure with
metallic phase at above TMIT [5, 6]. During the transition, the
change in the volume of VO2 crystal is around 1%–2% [7]. In
insulator phase, the energy bandgap of VO2 is around 0.65 eV
[8]. There have been two views on the origin of MIT in VO2;
Peierles transition and Mott–Hubbard transition. Peierles
transition arises due to the change in crystal structure, and
Mott–Hubbard transition takes places due to electron-electron
correlations [9]. MIT in VO2 can be induced by heating [10],
doping [11, 12], ion bombardment [13] and UV light [14].
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Insulator VO2 has high transmittance whereas metallic VO2
becomes opaque to near-IR radiation [15, 16]. MIT behavior
of VO2 is not only accompanied by significant change in
infrared transmittance but also sharp change in resistivity. The
transition takes place in approximately 80 fs, which is useful
property for switching applications [17]. Moreover, MIT in
VO2 exhibits hysteresis behavior which can be tuned. These
characteristics can be useful in many areas of optics and
electronics, such as thermochromic windows [18, 19], tunable
frequency meta-materials [20], detectors [21–24] and
switching devices [25, 26]. Sensor applications require neg-
ligible hysteresis with high resistance drop during phase
transition while the storage type devices require relatively
large hysteresis [27].
There are various techniques to fabricate VO2 films, such
as pulsed laser deposition [28], chemical vapor deposition
[29], atomic layer deposition [30], spray pyrolysis [31] ther-
mal oxidation [32], sol-gel method [33] and magnetron
sputtering [34, 35]. Being the most suitable technique in terms
of large area growth, uniform deposition and high crystal
quality [36], magnetron sputtering technique has advanta-
geous in many respects to the others techniques.
Since it has been a challenging task to grow high quality
VO2 thin films, various substrates have been used as seen
from the literature [15, 37]. The microstructure of deposited
VO2 thin films depends on lattice matching and surface
energy of the substrates. Although silicon substrates are
relatively cheaper and widely used in microelectronics, it is
quite challenging to deposit high quality VO2 films due to
unavailability of its native oxide layer on the silicon sub-
strates [37]. However, the sapphire substrates are commonly
used for achieving high quality VO2 thin films due to the fact
that it has high thermal conductivity compared to the
other ones.
In this study, VO2 thin films were successfully grown on
c-cut sapphire without any post annealing processes. The
structural, optical and electrical properties of these grown thin
films were investigated. The grown VO2 films were patterned
by e-beam lithography for the electrical measurements. The
effect of structure size, patterning process on resistivity and
MIT characteristics of VO2 thin film were investigated. It is
observed that e-beam patterned stripes with narrowed width
(e.g. high aspect ratio ranging from 44 to 220) have peculiar
properties. These will be discussed in detail in results and
discussion part. The main outcome of this study is highly
important that TMIT was decreased from 68 °C to 50 °C as a
result of e-beam lithography processing.
2. Experimental procedure
VO2 thin films were deposited on c-cut sapphire (Al2O3
(0001)) using high purity (99.95%) vanadium (V) target by
DC magnetron sputtering technique [38, 39]. Substrates were
cleaned with acetone and DI water by means of ultrasonic
cleaner. The vacuum chamber was evacuated to a base
pressure of 1.2×10−6 mbar and the substrate was kept at
550 °C during deposition. In order to get rid of any con-
taminations of target’s surface, 10 min pre-sputtering was
performed on the target prior to deposition. VO2 thin films
were grown under 8.5×10−3 mbar of O2 and Ar mixed gas
pressure environment and 50W of sputtering power. The
substrates were rotated at 15 rpm in order to improve the
uniformity of the film during the deposition process. Oxygen
gas ratio of the sputtered thin films was varied in order to
investigate the growth conditions of VO2 thin films having
sharp resistivity changes at TMIT. Sample deposition para-
meters and the properties of the discussed films can be seen in
table 1. In our experiments, firstly 310 nm VO2 (named
sample A) was grown on sapphire substrate during 45 min.
According to analysis results, high quality VO2 with the high
change in resistivity depending on the temperature was
observed. After that, in order to obtain thinner VO2 film, we
reduced deposition time from 45 to 22.5 min. Therefore, we
obtained 125 nm vanadium oxide thin films with various
unexpected phase at different oxygen concentrations.
According to optimized parameters of the sample A,
deposition time was reduced to 22.5 min at the same oxygen
concentration (2.00%), and we deposited 125 nm VOx with
2.00% oxygen rate (named sample B). For sample B, MIT
was not observed. Due to that, oxygen concentration was
increased up to 3.00% (named sample C for 2.25% O2,
sample D for 2.50% O2, sample E for %3.00 O2) with
22.5 min deposition time. However, for 125 nm VOx thin
films, high quality VO2 thin film like sample A could not be
obtained. 125 nm grown VOx thin films except sample C did
not exhibit MIT. As considering all grown films, only sample
A and sample C show a transition. When especially electrical
analysis results were examined, it is clear that sample A is
more quality with high changing resistivity rate than sam-
ple C.
Structural and morphological properties of the films were
characterized by field emission scanning electron microscopy
(FE-SEM, Philips Quanta) equipped with energy dispersive
spectroscopy (EDS, Oxford X-act). X-ray diffractometry
(XRD, Philips PANanalytical X’Pert System) was used for
the structural properties of the grown VO2 thin films. The
Table 1. Deposition parameters and morphology of VO2 samples.
Sample Reactive oxygen ratio (%) Deposition time (min) Average grain size (nm) Thickness (nm) Electrical properties
A 2.00 45 NA 310 MIT
B 2.00 22.5 <20 120 Non-transition (metallic)
C 2.25 22.5 NA 125 MIT
D 2.50 22.5 150 124 Non-transition (insulator)
E 3.00 22.5 150 127 Non-transition (insulator)
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XRD measurements were performed from 10° to 80° for 2θ
using Cu Kα radiation (λ=1.5406 Å) with step size of 0.04°
and time step of 1 s. Optical transmittance spectra of samples
at normal incidence were taken between 200 and 1200 nm
using spectrophotometer (UV/VIS Spectrophotometer, Per-
kin Elmer) with a precisely controlled homemade heating
mechanism. The thickness of the grown thin films was mea-
sured by a surface profilometer (Veeco DEKTAK 150).
Raman measurements were taken by a confocal Raman
spectroscopy (Scientific Instruments). The resolution of the
Raman measurements was 2.0 cm−1. Argon laser with 514
and 633 nm excitation wavelengths having 120 mW (514 nm
laser) and 20 mW (633 nm laser) power were used for the
Raman analysis.
Deposited high quality VO2 thin films were patterned by
e-beam lithography (Raith e-line e-beam lithography system)
to investigate the effects of e-beam on MIT characteristics of
aforementioned films. For this purpose, the VO2 films were
coated with AZ5214 photoresist at 3000 rpm for 50 s. Pho-
toresist coated films were heat treated for 30 min in a furnace
kept at 90 °C. After the film was patterned by e-beam, it was
exposed to ultraviolet light (OAI Mask Aligner) for 7 s. Later,
it was put in developer solution and rinsed with deionized
water. Followed by hard bake process at 120 °C, Ar ion
milling was performed. The samples were water cooled dur-
ing etching of VO2 to create strips. Remaining photoresist
was stripped away with acetone at the last step of the pat-
terning process [40, 41]. Final structure of shaped VO2 stripes
and a representative SEM picture were given in figure 1. The
discussion of the images were deferred to a later part of this
paper.
Electrical measurements of VO2 samples were done
between 30 °C and 100 °C with usage of microprobe station
(Janis Microprobe Station). A Labview controlled computer
program was used to record the measurements done by a
Keithley sourcemeter.
3. Results and discussions
3.1. Structural properties
Surface morphologies of the grown VO2 thin films having
different O2/Ar flow rates and deposition durations were
investigated using SEM (figure 2). There are many variables
such as substrate, growth temperature, deposition rate and
sputtered ion energy affecting the quality of the grown
vanadium oxide films. In this study, we investigated two
Figure 1. In order to investigate e-beam effect on VO2 thin films, the VO2 strips with varied dimensions were designed and fabricated. (a)
The optical image of e-beam patterned VO2 thin film (sample A, 310 nm thickness) strips with 50, 20, 15 and 10 μm strip widths (W) and
2.2 mm strip length is given. (b) SEM image of 20 μm width strip edge. The black region is sapphire. The inset shows the full width of the
strip which corresponds to 20 μm.
Figure 2. Field emission scanning electron microscope (SEM) images of 310 nm VO2 thin film (sample A) (a) and 125 nm VO2 thin film
(sample C) (b) with 2 μm length scale bars. (Among all grown vanadium oxide thin films given in table 1, sample A and sample C have both
shown MIT.)
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parameters, namely oxygen concentration in grown vanadium
oxide films and the thickness of the films. These two variables
in our experiments affect grain size and surface morphology
of the thin films. As shown in table 1, sample A and C exhibit
MIT among deposited thin films.
Figure 2 shows SEM images of samples A and C. While
sample A has small grains (figure 2(a)), sample C has
meander like structure (figure 2(b)). It is concluded that
increasing deposition time and decreasing oxygen con-
centration of the films convert meander like grains to small
grains. This effect can be explained with the diffusion and
migration of adsorbed atoms; increasing deposition time gives
additional time to adatoms for diffusion and migration on the
substrate surface which is essential for nucleation and
growth [42].
The XRD patterns of as grown thin films at different O2
flow rates and growth duration were collected for 2θ between
10° and 80°. There are two important peaks observed at ∼29°
and 39° related to VO2 as seen in figure 3(a). These can be
assigned to (011) and (020) diffraction peaks [42]. Since the
film is quite thin for sample C, a strong peak at 2θ∼41° is
detected belonging to sapphire substrate [43] as shown in
figure 3(b). According to XRD results, the films consist of
mixed phases, i.e. VO2, V2O3, V2O5 and V6O13 [43, 44]. It
can be understood from the XRD peaks that 2.00% oxygen to
argon ratio is a reasonable choice to grow 310 nm thick
vanadium oxide films in the form of mainly VO2 phase. In
addition, in case of thickening the grown film, the orientation
of vanadium oxide crystal changes compared to substrate
orientation, and this leads to consist of more polycrystalline
structure as in sample A. Due to the change in crystal
orientation depending on the film thickness, the peaks which
are the highest intensity belong to sample A and C are dif-
ferent from each other.
Raman microscopy analyses were carried out at room
temperature for each sample in order to investigate the oxy-
gen flow ratio effects on the phases of vanadium oxide films
(figure 4). In order to prevent phase transition due to heating
effects during the measurement, laser intensity was
Figure 3. XRD spectrum of sample A (a) and sample C (b) which shows MIT behavior. Here, it is seen that sample A −310 nm film
thickness with 2.00% oxygen concentration- exhibits high intensity VO2 diffraction peak. However, XRD diffraction peaks of sample C
−125 nm film thickness with 2.25% oxygen concentration—belong to VO2 are at lower intensity.
Figure 4. Raman spectra of thin films deposited at different O2/Ar
flow ratios. Note that sample A is thicker than the rest of the
samples. According to the Raman spectra of sample A and sample B,
main observed vanadium oxide Raman modes are disappeared with
decreasing film thickness. Also, in case of decreasing O2/Ar flow
ratio, the grown vanadium oxide thin films with the same thickness
(sample B, C, D and E) exhibit more metallic properties.
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minimized to its lowest possible value. Raman analysis show
that VO2 and V2O5 coexist in grown thin films except for
sample A. Raman peaks detected at 313, 342, 392, 445, 502
and 617 cm−1 correspond to VO2 phase as reported in the
literature [45]. The main V–V band at 617 cm−1 belongs to
VO2 phase. Besides VO2 peaks, the detected signals at 288,
408, 488, 530, 704 and 997 cm−1 correspond to V2O5 char-
acteristic peaks [46]. The highest Raman intensities belonging
to VO2 phase with a lower V2O5 intensity mode are detected
for sample C grown at 2.25% oxygen ratio compared to the
other ones having the same thickness. As a result, it can be
concluded that 2.25% oxygen ratio for 125 nm thick film
includes more abundant peaks corresponding to strong
vibrational modes of VO2 phase. As increasing O2 ratio from
2.25% to 3.00%, the intensity of V2O5 phase increases while
that of VO2 phase decreases. The Raman peak at 285 cm
−1 is
assigned to V2O5 phase of sample B [46]. Also, the broad
peak at around 320 cm−1 could be belong to amorphous V2O5
[47]. For sample B, there is another broad peak at around
386 cm−1 which is shifted by ∼6 cm−1 compared to the
Raman peak of sample A at 392 cm−1. This Raman shift may
be related to chemical bond of the molecule. These results are
supported by XRD analysis that when the oxygen gas ratio
increases above 2.25%, the percentage of VO2 decreases
while V2O5 phase increases.
3.2. Optical properties
Transmittance spectra measured at room temperature and
80 °C of grown VO2 thin films (samples B, C, D and E)
grown under different O2 flow rates are shown in figure 5.
Due to higher thickness of sample A (see table 1), transmit-
tance measurements of all samples are not comparable.
Therefore, the transmission spectrum of sample A was not set
in this graph. Due to phase transition, the transmittance of the
films decreases in near-IR region above MIT temperature. As
it is clearly seen from the plots, VO2 thin films show high
optical transmission in their insulating state, i.e. at room
temperature, while low optical transmission in their metallic
state in IR region above MIT temperature, namely 80 °C.
Moreover, transmittance change was not observed in the film
grown under 2.00% O2 (sample B) flow rate. Since the as
grown film is already in metallic phase, transmission at all
temperatures, as expected, is low in IR region corresponding
to the metallic case behavior. For grown thin films with
2.50%–3.00% O2 ratio, the transmittance variation rates are
almost the same, being around 8%–15%. As it can be clearly
seen in figure 5, VO2 thin film grown under 2.25% oxygen
ratio had the MIT, and showed the highest change in trans-
mittance at IR region. Above transition temperature, VO2 has
metallic phase resulting in an increment of electron con-
centration in the conduction band.
Figure 6 indicates the temperature dependent transmit-
tance of deposited 125 nm VO2 thin films grown under 2.25%
oxygen flow ratio at the wavelengths of 1600 and 2500 nm for
near infrared and 550 nm for visible regions. In visible region,
transmittance varies 7% with temperature, and it is about 21%
at low temperatures. In addition, transmittance change at MIT
region is around 36% for 1600 nm and 50% for 2500 nm
wavelength. It is concluded that transmittance of insulator
VO2 phase is higher for 2500 nm than that of 1600 nm
wavelength.
3.3. Electrical properties
It is known that mixed phases of vanadium oxide systems
need to be optimized in terms of sputtering parameters to
yield high quality pure VO2 phase. One of the most important
properties that determine film quality is the resistivity drop at
TMIT. It is indicated that the change in resistivity depends on
uniformity of the film [48], strain, grain size and boundaries
[3, 4, 49]. Epitaxially grown VO2 films are known to be the
Figure 5. Optical properties of deposited VO2 thin films with
different oxygen flow ratios at room and above transition
temperatures. Note that solid lines correspond to room temperature
measurement and dashed lines for 80 °C ones.
Figure 6. Temperature dependent transmission change is seen for
various wavelengths in sample C.
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best qualified films, and they exhibit resistivity changes an
order of four at transition temperature [50]. Their hysteresis
width of temperature changes from 0.5 °C to 2 °C [51].
Recent studies support that resistivity changes in high quality
VO2 films is about 10
4 for magnetron sputter deposited VO2
films [26]. In our experiments, the sputtering conditions were
optimized to obtain VO2 thin films having 10
4 resistivity drop
at TMIT.
Figure 7 shows the resistivity of these films in the mea-
surement range between 30 °C and 90 °C. The size of square
samples was 4 mm×4 mm. Note that the square samples
were cut from large VO2 grown substrate, and silver elec-
trodes were deposited. Square samples were not exposed to
any e-beam process. It is clearly seen that the resistivity of
sample A at transition temperature decreases more than 104 of
magnitude. TMIT is about 68 °C, and the hysteresis loop width
is about 4 °C for sample A, which are quite good values for
DC sputtered VO2 thin films [52]. In addition, it is observed
that resistivity change across transition decreases by a factor
of 102 for sample C. Therefore, it can be concluded that the
films including high oxygen concentration with mixed phases
show less resistivity change at transition temperature. The
deposition time is an important factor to observe MIT in VO2.
When deposition time decreases to 22.5 min from 45 min,
grown films are exposed to high temperature with 550 °C for
less time. This leads to reduce the reactions of scattered V
atoms with oxygen atoms. In this instance, instead of VO2,
other vanadium oxide phases take place. Because of the
reason, Sample B could not exhibit MIT at nearly 68 °C.
Sample B exhibits more metallic properties compared to the
other grown vanadium oxide thin films due to exposing lower
reactions with oxygen atoms. For the other samples, in case of
increasing oxygen concentration (from 2.00% to 3.00%) with
22.5 min deposition time, it is necessary that new deposition
parameters like deposition pressure should be determined in
order to observe MIT. Under sample D and sample E fabri-
cation conditions, there is more than enough oxygen present
to react with V atoms. The excess of oxygen concentration
leads to coexist unexpected secondary phases and VO2 phase.
Thus, these secondary phases prevent or reduce MIT in grown
vanadium oxide thin film. Due to the excess of the oxygen
concentration, sample D and sample E do not exhibit MIT
properties.
Figure 8 shows temperature dependence of resistivity for
a square sample and the e-beam lithography patterned VO2
stripes. Note that the square sample is not patterned and
measured as grown. The square sample is shown as an inset
picture of figure 8, whereas the optical microscopy and SEM
images of stripes can be seen in figure 1. The length of the
stripes was 2.2 mm and the widths of the stripes were changed
from 10 to 50 μm. Therefore, aspect ratios were ranging from
220 to 44. It has been observed that the resistivity of VO2
stripes decreased down to around 10−2Ω cm at room temp-
erature (figure 8). It can be also seen that the TMIT shifted to
about 50 °C. On the other side, the resistivity drop was only
one order for the stripes at TMIT. As a summary, when the
electrical properties of the square sample are compared to
those of stripes, three distinct changes occur: (i) the resistivity
value at room temperature decreases, (ii) resistivity changes at
MIT get smaller, (iii) TMIT shifts to 50 °C from 68 °C which is
getting closer to room temperature, and (iv) the resistivity
value at room temperature increases. These variations could
be related to the e-beam patterning processes of the stripes.
We investigated the influence of soft bake, developer and
hard bake on the electrical properties of VO2 films. However,
there was not any change in electrical results for VO2. The
stripes of VO2 films were exposed to electrons with 10 keV
energy during e-beam lithography process held around
1.3×10−6 Torr vacuum. Under this circumstance, electron
beam could affect the structure of grown VO2 thin film.
During e-beam lithography process, applied electron current
leads to local heating on the surface of the film. In case of
taking place local heating in high vacuum ambiance, a
number of oxygen might release from VO2 thin film.
Figure 7. Thickness dependence of resistivity change across the MIT
for sample A (310 nm) and C (125 nm) which are square samples.
Figure 8. Temperature dependence of resistivity (during heating) for
square sample A and the stripes with various widths.
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Therefore, the reduction in oxygen concentration of grown
VO2 film leads to consist of secondary phase which are in
metallic phase of vanadium oxide compounds. Since the
electrons prefer low resistance paths, it is reasonable that we
get low resistivity at room temperature for e-beam patterned
samples. In contrary to this, the secondary phases increase the
resistance above TMIT for patterned samples. As a result, we
observe distinct properties of VO2 stripes produced after
e-beam lithography processes than those of square sample.
Moreover, as we know from the literature studies, since the
MIT in V2O3 and V6O13 occurs, respectively, at –105 °C [53]
and –123 °C [54], they are in metallic phases of vanadium
oxide at the temperatures of our measurement region. In order
to create patterned VO2 structures, there are various methods,
such as lift-off process [55]. Compared to their works which
include lift-off method, we examined electron beam effect on
VO2 thin film. In order to create patterned vanadium oxide
stripes, VO2 thin film was shaped by electron beam litho-
graphy. In our works, during electron beam writing on VO2
thin film, the film was exposed to electron beam with 10 keV
energy. Our works show that electron beam lithography leads
to decrease the change in resistivity of patterned stripes
compared to VO2 thin film. In order to give shape to VO2
film, because of the negative effect of electron beam litho-
graphy, lift-off process could be better option for now. In this
case, new research and studies will be required in order to
prevent negative effect of electron beam lithography. Because
electron beam lithography provides significant advantages in
terms of its high resolution property for nanotechnology.
Furthermore, SEM picture in figure 1(b) demonstrates large
roughness of the sample. While the details of picture reveals
grains as given in figure 2(a), figure 1(b) could be between
figures 2(a) and (b) in terms of the surface morphology. So
this change could be caused by e-beam influence on stripes.
3.3.1. Raman analysis results of patterned vanadium oxide
stripes. Because of the nano-stripes, we are not able to look
at XRD study to find crystal structure of patterned stripes.
Furthermore, XPS studies cannot obtain local data from these
stripes. On the other hand, we analyzed vanadium oxide
stripes by confocal Raman spectroscopy, and Raman analysis
results is shown in figure 9.
Due to strong resonance effect, in order to observe the
Raman peaks at 192 and 222 cm−1, 633 nm laser is better than
514 nm one. Because of this, in order to observe all phonon
modes and prevent weak signals, 633 nm laser was used for
Raman analysis of patterned samples. In figure 9, the
vibration bands of VO2 were observed by the peaks at 192,
222, 260, 306, 337, 386, 442, 497 and 613 cm−1. These peaks
are consistent with the literature [45]. After e-beam process,
patterned vanadium oxide stripes (width range from 20 to
10 μm) were analyzed by Raman spectroscopy. As shown in
figure 9, the peak at 192 cm−1 was observed at lower intensity
compared to the patterned stripes. The intensity variation
between the stripes and VO2 thin film for bands at 192 cm
−1
may be due to differences in vanadium oxide crystal
orientations. The Raman peak at 442 cm−1 which was
observed for VO2 film was vanished for all patterned
vanadium oxide stripes. According to Raman analysis of
VO2 film, there is a shoulder located at around 580 cm
−1.
This shoulder was vanished in Raman analysis of patterned
vanadium oxide stripes. These results show that not only
variation of crystal orientation but also weaker crystalline
properties occurred due to the e-beam exposure. Raman
studies are also in agreement with the electrical measurements
given in figure 8. It can be seen that the resistivity drops in the
stripes at room temperature support that the secondary phases
occurred in e-beam patterned structures. Therefore, it can be
concluded that the obtained crystal structure variations are
caused by e-beam patterning of stripes.
4. Conclusion
In summary, we have obtained high quality DC magnetron
sputtered VO2 thin films on c-cut sapphire substrate. Various
oxygen concentrations were performed and optimized to obtain
VO2 films with a sharp resistivity drop across MIT. The change
in resistivity at transition temperature of VO2 thin film is around
by a factor of 104, and it is convenient for electrical switching
applications. Moreover, the grown VO2 thin films exhibit nearly
50% transmission change in near-IR region, which is promising
for optical applications, such as thermochromic windows.
The grown VO2 films having 10
4 resistivity drop were used
for the electrical characterization of patterned stripes. For these
measurements, e-beam lithography and Ar ion etching processes
were used for the purpose of patterning the grown VO2 films in
the form of stripes. As a result, we have investigated the effect of
e-beam patterning on MIT characteristics of VO2 films when the
electrical characteristics of the stripes and square samples are
compared. It is observed that TMIT shifts close to room temp-
erature after patterning the VO2 films by e-beam lithography.
E-beam causes a change in oxygen concentration of grown VO2
Figure 9. Raman spectrum of VO2 and patterned vanadium oxide
stripes (width range from 20 to 10 μm).
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thin film (figure 8), the metallic phase of vanadium oxide
compounds becomes dominant. Secondary phases of VOx might
originate from low oxygen concentration due to local heating
under high vacuum. Formed metallic phase of the secondary
phase in VOx causes a drop of resistivity of the film at room
temperature while the degradation of ideal oxygen concentration
leads to a decrease in the ratio of resistivity values (MIT rate) at
30 °C–90 °C. Lastly, the change in resistivity of the VO2 stripes
is an order of magnitude, and transition temperature shifts from
68 °C to 50 °C. Shifting TMIT to a closer region of room
temperature might be important in terms of many applications,
such as thermochromic windows and bolometers.
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